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(57) ABSTRACT
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FIG. 2
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FIG. 7

Frequency channel characteristic
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FIG. 8

Frequency channel characteristic
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FIG. 9

Frequency channel characteristic
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FIG. 10
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FIG. 11
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METHOD AND APPARATUS FOR
TRANSMITTING OF OFDM SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application Nos. 10-2013-0134206 and
10-2014-0153879 filed in the Korean Intellectual Property
Office on Nov. 6, 2013 and Nov. 6, 2014, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method and an apparatus
for transmitting an OFDM signal by applying a discrete Fou-
rier transform-spread.

(b) Description of the Related Art

A discrete Fourier transform-spread orthogonal frequency-
division multiplexing (DFT-spread OFDM) (hereinafter,
referred to as “DFTS-OFDM”) modulation scheme has been
utilized as a main standard technology of a communication
system requiring a low power characteristic in that efficiency
of'a power amplifier may be increased by reducing a fluctua-
tion of instantaneous power using a single-carrier.

Ideally, when a receiver of a wireless communication sys-
tem based on the DFTS-OFDM modulation scheme receives
a signal through a radio channel without a frequency selective
characteristic, the receiver may completely recover a trans-
mitted symbol by a DFTS-OFDM demodulator.

However, when the symbol is transmitted at a high trans-
mission rate, the modulated signal configured of a single-
carrier has a wideband single-carrier characteristic, such that
a signal may be widely spread on time domain. In this case,
performance degradation may occur due to inter-symbol
interference (ISI) by the frequency selective channel charac-
teristic.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
a method and an apparatus for transmitting an OFDM signal
having advantages of reducing a signal distortion due to a
channel having a frequency selective characteristic in a wire-
less communication system at the time of transmitting OFDM
signal by applying DFTS.

An exemplary embodiment of the present invention pro-
vides a transmitting apparatus, including: a controller config-
ured to determine a size of subchannels and a number of
subchannels depending on a channel state with a receiving
apparatus; and a DFT processor configured to spread a data
symbol based on the size of subchannels and the number of
subchannels.

The controller may determine the number of subchannels,
and may determine the size of subchannels based on the
number of subchannels.

The transmitting apparatus may further include a demulti-
plexer configured to divide the data symbol by the number of
subchannels.

The controller may determine the size of subchannels so
that the subchannels are all of the same size.
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2

The controller may determine at least two sizes of subchan-
nels.

The DFT processor may perform the discrete Fourier trans-
form (DFT) to the data symbol in the consideration of the size
of subchannels.

The controller may determine a portion where a channel
characteristic deteriorates depending on the channel state,
and may determine the channel band, while excluding the
deteriorating portion from the channel band in which the data
symbol is transmitted.

The transmitting apparatus may further include: an inverse
fast Fourier transformer (IFFT) configured to perform inverse
Fourier transform on the spread data symbol to generate an
orthogonal frequency division multiplexing (OFDM) signal.

Another embodiment of the present invention provides a
transmitting method, including: determining a size of sub-
channels and a number of subchannels depending on a chan-
nel state with a receiving apparatus; and spreading a data
symbol by performing discrete Fourier transform (DFT) on
the data symbol based on the number of subchannels.

The determining of the data symbol may include determin-
ing the number of subchannels, and determining the size of
subchannels based on the number of subchannels.

The transmitting method may further include dividing the
data symbol by the number of subchannels.

The determining may include determining the size of sub-
channels so that the subchannels are all of the same size.

The determining may include determining at least two
sizes of subchannels.

The spreading may include performing the discrete Fourier
transform (DFT)to the data symbol in the consideration of the
size of subchannels.

The determining may further include determining a portion
where a channel characteristic deteriorates depending on the
channel state, and determining the channel band, while
excluding the deteriorating portion from the channel band in
which the data symbol is transmitted.

Yet another embodiment of the present invention provides
a transmitting apparatus, including: at least one processor; a
memory, and at least one program configured to be stored in
the memory and run by the at least one processor, wherein the
at least one program includes: an instruction determining a
size of subchannels and a number of subchannels depending
on a channel condition with a receiving apparatus; and an
instruction spreading a data symbol by performing discrete
Fourier transform (DFT) on the data symbol based on the size
and the number of subchannels.

The instruction determining the size and the number of
subchannels may further include an instruction determining
at least two sizes of subchannels.

The instruction determining the size and the number of
subchannels may further include an instruction determining
the number of subchannels, and an instruction determining
the size of subchannels based on the number of subchannels.

The instruction determining the size and the number of
subchannels may include an instruction determining the size
of subchannels so that the subchannels are all of the same size.

The instruction determining the size and the number of
subchannels may further include an instruction determining a
portion where a channel characteristic deteriorates depending
on the channel state and determining the channel band, while
excluding the deteriorating portion from the channel band in
which the data symbol is transmitted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a transmitter of a
wireless communication system based on a DFTS-OFDM
modulation scheme.
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FIG. 2 is a diagram illustrating a signal distortion depend-
ing on channel characteristics of a wireless system based on
the DFTS-OFDM modulation scheme.

FIG. 3 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to an exemplary
embodiment of the present invention.

FIG. 4 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to another exem-
plary embodiment of the present invention.

FIG. 5 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to another exem-
plary embodiment of the present invention.

FIG. 6 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to another exem-
plary embodiment of the present invention.

FIG. 7 is a diagram illustrating a signal transmitted from
the transmitting apparatus based on the DFTS-OFDM
scheme according to the exemplary embodiment of the
present invention.

FIG. 8 is a diagram illustrating a signal transmitted from
the transmitting apparatus based on the DFTS-OFDM
scheme according to the another exemplary embodiment of
the present invention.

FIG. 9 is a diagram illustrating a signal transmitted from
the transmitting apparatus based on the DFTS-OFDM
scheme according to the another exemplary embodiment of
the present invention.

FIG. 10 and FIG. 11 are diagrams illustrating a signal
transmitted from the transmitting apparatus based on the
DFTS-OFDM scheme according to the another exemplary
embodiment of the present invention.

FIG. 12 is a block diagram illustrating a wireless commu-
nication system according to an exemplary embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

Throughout the specification, a terminal may be called a
mobile station (MS), a mobile terminal (MT), an advanced
mobile station (AMS), a high reliability mobile station (HR-
MS), a subscriber station (SS), a portable subscriber station
(PSS), an access terminal (AT), user equipment (UE), and the
like and may also include all or some of the functions of the
MT, the MS, the AMS, the HR-MS, the SS, the PSS, the AT,
the UE, and the like

Further, the base station (BS) may be called an advanced
base station (ABS), a high reliability base station (HR-BS), a
node B, an evolved node B (eNodeB), an access point (AP), a
radio access station (RAS), a base transceiver station (BTS),
a mobile multihop relay (MMR)-BS, a relay station (RS)
serving as a base station, a relay node (RN) serving as a base
station, an advanced relay station (ARS) serving as a base
station, a high reliability relay station (HR-RS) serving as a
base station, small base stations (a femto base station (femoto
BS), ahome node B (HNB), a home eNodeB (HeNB), a pico
base station (pico BS), a metro base station (metro BS), a
micro base station (micro BS), and the like), and the like and
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may also include all or some of the functions of the ABS, the
HR-BS, the node B, the eNodeB, the AP, the RAS, the BTS,
the MMR-BS, the RS, the RN, the ARS, the HR-RS, the small
base stations, and the like.

FIG. 1 is a block diagram illustrating a transmitter of a
wireless communication system based on a DFTS-OFDM
modulation scheme.

Referring to FIG. 1, the transmitter based on the DFTS-
OFDM modulation scheme includes a DFT processor 110, an
inverse fast Fourier transform (IFFT) processor 120, a cyclic
prefix (CP) processor 130, and a digital to analog converter
(DAC) 140.

Referring to FIG. 1, input data are spread as much as a
channel bandwidth which is allocated through a M-point
discrete Fourier transform (M-point DFT). In this case, a
transformed signal by DFT has a single-carrier characteristic.
The transmitter based on the DFTS-OFDM meodulation
scheme may map the generated signal to frequency resources
and an OFDM modulated signal may be generated by the
IFFT. Further, the OFDM modulated signal is added with a
cyclic prefix (CP) at each symbol and may be digital to analog
converted (DAC) and transmitted. Next, a receiver of a wire-
less communication system based on the DFTS-OFDM
modulation scheme may receive and recover a transmitted
symbol by a DFTS-OFDM demodulator

FIG. 2 is a diagram illustrating a signal distortion depend-
ing on channel characteristics of a wireless system based on
the DFTS-OFDM modulation scheme.

Referring to FIG. 2, a communication channel 200 shows a
frequency selective characteristic in the frequency band range
of the M-point DFT. In this case, the receiver may not accu-
rately recover a symbol from a received signal by inverse
discrete Fourier transform (IDFT).

Further, when data are transmitted at a high data rate, a
modulated signal having a high modulation index is allocated
to a wide bandwidth channel (In case of wideband single-
carrier transmission), and therefore the frequency selective
characteristic may be easy to occur in a wireless communi-
cation channel. Therefore, in the case of the DFTS-OFDM, to
compensate for the radio channel with frequency selective
characteristics, a high performance equalizer for a channel
equalization is required. That is, the DFTS-OFDM demodu-
lator needs to use a channel equalization technique with high
complexity, and the like, in order to recover a signal from a
received data at a high rate. As an example of a high-perfor-
mance equalizer, there are a minimum mean square error
(MMSE) equalizer of a time domain, a frequency domain
equalizer to reduce complexity, a decision feedback equal-
izer, and the like.

However, these kinds of equalizers require high complex-
ity due to a calculation to obtain an inverse matrix of a cross
correlation vector depending on a channel impulse response
and a calculation to determine filter taps in the time domain
also requires high complexity. That is, the OFDM modulation
scheme has a disadvantage in that the fluctuation of an instan-
taneous power may be larger by transmitting data in a multi-
carrier and the DFTS-OFDM modulation scheme has an
advantage in that the fluctuation of an instantaneous power
may be reduced by transmitting data in a single-carrier so as
to increase efficiency of a power amplifier. However, the
DFTS-OFDM has a disadvantage in that it needs to use the
equalizer having high complexity due to the frequency selec-
tive channel characteristic, otherwise its performance may be
worse than that of the OFDM modulation.

FIG. 3 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to an exemplary
embodiment of the present invention.
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A controller of a DFTS-OFDM transmitting apparatus
according to an exemplary embodiment of the present inven-
tion may determine a structure of subchannels in a channel
bandwidth in which signals are transmitted according to a
channel state report received from a terminal. For example,
the controller may identity the portion that has poor channel
conditions, and determine a size and a number of subchannels
to mitigate influence on the poor channels in accordance with
the channel state report. Further, the controller may determine
methods of deployment of subchannels in the entire channel
band.

In other words, the controller according to an exemplary
embodiment of the present invention may divide the signal
band into a plurality of subchannels, multiple DFT processors
of the DFTS-OFDM transmitting apparatus according to an
exemplary embodiment of the present invention may perform
DFT operations to the data symbol allocated to each subchan-
nel.

Meanwhile, a demultiplexer of the DEFTS-OFDM transmit-
ting apparatus according to an exemplary embodiment of the
present invention may also serve the functions of the control-
ler (determining a structure of the subchannels). That is, the
functions of the controller of the DFTS-OFDM transmitting
apparatus may be performed by a processor different from the
processor performing the function of the demultiplexer, or
may be performed by the same processor of the demulti-
plexer. The DFTS-OFDM transmitting apparatus according
to the exemplary embodiment of the present invention may be
a base station or may be a terminal.

Referring to FIG. 3, a transmitting apparatus 300 according
to the exemplary embodiment of the present invention
includes a controller 310, a demultiplexer 320, a DFT pro-
cessor 330, an IFFT processor 340, a cyclic prefix processor
350, and a DAC 360.

Referring to FIG. 3, the controller 310 may determine a
size of the subchannel, so that the size of subchannels are all
the same.

In this case, according to the exemplary embodiment of the
present invention, when the size of entire channel band to be
M, the number of subchannels R may be a factor of the M,
which is larger than 1. When the R is 1, it is the same as the
OFDM modulation scheme and when the R is M, it is the
same as the DFTS-OFDM modulation scheme. In this case, a
size of M/R may be selected to increase efficiency of the
implementation for a DFT processor.

Next, the demultiplexer 320 may divide equally the input
data symbol by M/R.

The DFT processor 330 may perform the M/R-point DFTs
having the size of M/R on the equally divided data symbol to
spread the data symbol into the frequency domain. Next, the
DFT processor 330 may map the spread data symbol to the
subchannels.

Next, the IFFT processor 340 performs the inverse Fourier
transform on the data symbol mapped to the subchannels to
generate the OFDM modulated signals in the time domain.
Next, the cyclic prefix processor 350 attaches CP to the
OFDM modulated signal in the time domain, in which the CP
attached OFDM signal may be converted into analog signal
by the DAC and transmitted. The transmitting apparatus
based on the DFTS-OFDM scheme according to the exem-
plary embodiment of the present invention illustrated in FIG.
3 may transmit the signal as illustrated in FIG. 7.

FIG. 4 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to another exem-
plary embodiment of the present invention.

Referring to FIG. 4, a transmitting apparatus 400 according
to the exemplary embodiment of the present invention

10

15

20

25

30

35

40

45

50

55

60

65

6

includes a controller 410, a demultiplexer 420, a DFT pro-
cessor 430, an IFFT processor 440, a cyclic prefix processor
450, and a DAC 460.

Referring to FIG. 4, the controller 410 may determine the
subchannels to be different sizes. That is, the sizes of the
subchannels are different from each other. In this case, when
the number of the subchannels R are not a factor of M of the
entire channel band, the controller 410 may determine the
size B of the subchannel before determining the number of
subchannels. Next, the controller 410 may determine the
number of subchannels according to the pre-determined size
B. The size B may be determined as an integer between 1 and
M, and may be determined in the consideration of DFT effi-
ciency. In the exemplary embodiment of the present inven-
tion, the number of subchannels R may be determined by a
ceiling function of M/B (R=ceil (M/B)) after the size B is
determined.

In this case, in the number of subchannels of R, R-1 sub-
channels may have the size B, while remaining subchannel
may have the size determined by a mod function (mod (M,
B)).

The transmitting apparatus based on the DFTS-OFDM
scheme according to the exemplary embodiment of the
present invention illustrated in FIG. 4 may transmit the signal
as illustrated in FIG. 8.

FIG. 5 is a block diagram illustrating a transmitting appa-
ratus based on a DFTS-OFDM scheme according to another
exemplary embodiment of the present invention.

Referring to FIG. 5, atransmitting apparatus 500 according
to another exemplary embodiment of the present invention
includes a controller 510, a demultiplexer 520, a DFT pro-
cessor 530, an IFFT processor 540, a cyclic prefix processor
550, and a DAC 560.

In the transmitting apparatus 500 according to another
exemplary embodiment of the present invention, the control-
ler 510 may divide the entire channel band into a plurality of
groups, and a size of the subchannels may be decided difter-
ently into groups. In this case, the size of subchannels in each
groups are all the same. For example, the controller 510
divides the entire channel band into two channel band parts,
the first part may have the size of M, and the second part may
have the size of M,. The first part of the channel band may
include at least one subchannel with size B1, and the second
part of the channel band may include at least one subchannel
with size B,. In this case, the number of subchannels R | ofthe
first channel band part may be determined by a ceiling func-
tion of M,/B; (ceil (M,/B,)), and the number of subchannels
R, of the second channel band part may be determined by a
ceiling function of M,/B,, (ceil (M,/B,)). The total number of
entire subchannels R may be R, ,R,.

The transmitting apparatus based on the DFTS-OFDM
scheme according to the exemplary embodiment of the
present invention illustrated in FIG. 5 may transmit the signal
as illustrated in FIG. 9.

FIG. 6 is a diagram illustrating a transmitting apparatus
based on a DFTS-OFDM scheme according to another exem-
plary embodiment of the present invention.

Referring to FIG. 6, the transmitting apparatus 600 accord-
ing to another exemplary embodiment of the present inven-
tion includes a controller 610, a demultiplexer 620, a DFT
processor 630, an IFFT processor 640, a cyclic prefix proces-
sor 650, and a DAC 660.

Referring to FIG. 6, the transmitting apparatus 600 accord-
ing to another exemplary embodiment of the present inven-
tion may figure out status of the channel where a frequency
channel characteristic deteriorates based on the channel state
information received from the terminal and may allocate the
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subchannels avoiding deteriorated frequency portions in the
channel band. The DFTS-OFDM transmitting apparatus 600
illustrated in FIG. 6 may be used to avoid interference of a
specific frequency bandwidth, and may mitigate an influence
of the channel state by not allocating data to the frequency
portions in which the frequency channel characteristic dete-
riorates or by adjusting the size of the subchannels.

The DFT processor 630 may perform the M/R-point DFT
on the equally divided data symbol as the DFT processor 330
illustrated in FIG. 3. When the DFT processor 630 applies the
features of the DFT processor 430 illustrated in FIG. 4 or the
DFT processor illustrated in FIG. 5, it may determine the size
of the subchannels to be different, or may determine the size
of the subchannel that is divided into parts of the channel
band. The DFT processor 630 applying the features of the
DFT processor 330 illustrated in FIG. 3 may transmit the
signal as illustrated in FIG. 10. The DFT processor 630 apply-
ing the features of the DFT processor 430 illustrated in FIG.
4 may transmit the signal as illustrated in FIG. 11.

In FIG. 6, the controller 610 may deploy the subchannels
with dispersed structure to avoid the channel distortions. For
example, in FIG. 10 and FIG. 11 the two parts of the subchan-
nels are separated into different frequency regions. The con-
troller 610 illustrated in FIG. 6, may avoid an influence of
signal distortion by dispersing the subchannels and by not
using the frequency regions distorted. As a result, the two
channel band parts dispersed by the controller 610 in the
entire channel band are separated with a predetermined inter-
val therebetween.

FIG. 7 is a diagram illustrating a signal transmitted from
the transmitting apparatus based on the DFTS-OFDM
scheme according to the exemplary embodiment of the
present invention.

In FIG. 7, the signal transmitted from the transmitting
apparatus 300 illustrated in FIG. 3 is illustrated. Referring to
FIG. 7, the transmitted signals in the third subchannel and the
fourth subchannel is deteriorated because of the frequency
selective channel characteristic. However the transmitted sig-
nals in other subchannels may be recovered by a relatively
simple equalizer because of the frequency non-selective
channel characteristic. In this case, the transmitted signals in
the third and the fourth subchannel which are degraded may
be also recovered through forward error corrections (FEC)
and/or frequency diversity characteristics.

FIG. 8 is a diagram illustrating a signal transmitted from
the transmitting apparatus based on the DFTS-OFDM
scheme according to the exemplary embodiment of the
present invention.

In FIG. 8, the signal transmitted from the transmitting
apparatus 800 illustrated in FIG. 4 is illustrated.

FIG. 9 is a diagram illustrating a signal transmitted from
the transmitting apparatus based on the DFTS-OFDM
scheme according to the exemplary embodiment of the
present invention.

In FIG. 9, the signal transmitted from the transmitting
apparatus 300 illustrated in FIG. 5 is illustrated.

FIG. 10 and FIG. 11 are diagrams illustrating a signal
transmitted from the transmitting apparatus based on the
DFTS-OFDM scheme according to the exemplary embodi-
ment of the present invention.

In FIG. 10 and FIG. 11, the signal transmitted from the
transmitting apparatus 600 illustrated in FIG. 6 is illustrated.

Meanwhile, a method of subchannel mapping can be clas-
sified into two types: localized mapping and a distributed
mapping depending on the scheme of allocating the subchan-
nels to the channel bandwidth. FIG. 3, FIG. 4 and FIG. 5 are
diagrams illustrating transmitting apparatuses performing the
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localized mapping, and FIG. 6 is a diagram illustrating a
transmitting apparatus performing the distributed mapping.
FIG. 7, FIG. 8 and FIG. 9 are diagrams illustrating signals
transmitted from the transmitting apparatus using the local-
ized mapping, and FIG. 10 and FIG. 11 are diagrams illus-
trating signals transmitted from the transmitting apparatus
using the distributed mapping.

FIG. 12 is a block diagram illustrating a wireless commu-
nication system according to an exemplary embodiment of
the present invention.

Referring to FIG. 12, the wireless communication system
according to the exemplary embodiment of the present inven-
tion may include a base station (BS) 1210, and at least one
terminal 1220 included in coverage of the base station 1210.

The base station 1210 may include a processor 1211, a
memory 1212 and an RF (radio frequency) unit 1213. The
memory 1212 is connected with the processor 1211 and then
stores various kinds of information to drive the processor
1211. The RF unit 1213 is connected with the processor 1211
and then transmits and/or receives radio signals. The proces-
sor 1211 implements the proposed functions, processes and/
or methods. Layers of a radio interface protocol can be imple-
mented by the processor 1211. The function of the base
station 1210 may be implemented by the processor 1211.

The terminal 1220 may include a processor 1221, a
memory 1222 and an RF (radio frequency) unit 1223. The
memory 1222 is connected with the processor 1221 and then
stores various kinds of information to drive the processor
1221. The RF unit 1223 is connected with the processor 1221
and then transmits and/or receives radio signals. The proces-
sor 1221 implements the proposed functions, processes and/
or methods. Layers of a radio interface protocol can be imple-
mented by the processor 1221. The function of the terminal
1220 may be implemented by the processor 1211.

The memory 1212/1222 may be provided inside or outside
the processor 1211/1221. And, the memory 1212/1222 may
be connected with the processor 1211/1221 via various kinds
of well-known means. The memory 1212/1222 may include
various forms of volatile or non-volatile storage media. For
example, the memory 1212/1222 may include a read-only
memory (ROM) and a random access memory (RAM)

As described above, according to the exemplary embodi-
ment of the present invention, it is possible to perform the
DFT for each subchannel by adaptively dividing the channel
bandwidth into the plurality of subchannels depending on the
channel condition. That is, it is possible to actively cope with
the frequency selective characteristic of the channel by con-
trolling the signal bandwidth and the fluctuation ofthe instan-
taneous power depending on the channel condition.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A transmitting apparatus, comprising:

a controller configured to determine a structure of subchan-
nels in a channel bandwidth in which signals are trans-
mitted by the transmitting apparatus, wherein the struc-
ture comprises a number of subchannels and a size of
each of the subchannels, and wherein the structure is
determined based on a size of entire channel band; and

a DFT processor configured to spread a data symbol based
on the structure of the subchannels.
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2. The transmitting apparatus of claim 1, wherein the con-
troller determines the number of the subchannels, and deter-
mines the size of the subchannels by dividing the size of the
entire channel band by the number of the subchannels.

3. The transmitting apparatus of claim 1, wherein the con-
troller determines the size of the subchannels, and deter-
mines, the number of the subchannels.

4. The transmitting apparatus of claim 1, wherein the con-
troller divides the entire channel band into at least two chan-
nel band parts, determines the size of the subchannels corre-
sponding to the at least two channel band parts respectively,
and determines the number of the subchannels by dividing the
size of each channel band part by the size of the subchannels.

5. The transmitting apparatus of claim 4, wherein the at
least two channel band parts include a first channel band part
and a second band part with a predetermined interval ther-
ebetween.

6. The transmitting apparatus of claim 4, wherein the at
least two channel band parts include a first channel band part
and a second band part, and the size of the subchannels in the
first channel band part and the size of the subchannels in the
second channel band part are different from each other.

7. The transmitting apparatus of claim 4, wherein the DFT
processor includes a first DFT processor configured to per-
form Discrete Fourier Transform (DST) in consideration of a
first size of a first subchannel corresponding to a first channel
band part of the at least two channel band parts, and a second
DFT processor configured to perform DFT in consideration
of a second size of a second subchannel corresponding to a
second channel band part of the at least two channel band
parts.

8. The transmitting apparatus of claim 1, further compris-
ing a demultiplexer configured to divide the data symbol by
the number of the subchannels.

9. A transmitting method, comprising:

determining a structure of subchannels in a channel band-

width in which signals are transmitted by the transmit-
ting apparatus, where the structure comprises a number
of subchannels and a size of each of the subchannels, and
wherein the determining of the structure is based on a
size of entire channel band; and

spreading a data symbol by performing discrete Fourier

transform (DFT) based on the structure of the subchan-
nels.

10. The transmitting method of claim 9, wherein the deter-
mining includes determining the number of the subchannels,
and determining the size of the subchannels by the number of
the subchannels.

11. The transmitting method of claim 9, wherein the deter-
mining includes determining the size of the subchannels, and
determining the number of the subchannels by dividing the
size of the entire channel band by the size of the subchannels.

12. The transmitting method of claim 9, wherein the deter-
mining includes dividing the entire channel band into at least
two channel band parts, determining the size of the subchan-
nels corresponding to the at least two channel band parts,
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respectively, and determining the number of the subchannels
by dividing the size of each channel band parts by the size of
the subchannels.

13. The transmitting method of claim 9, wherein at least
two channel band parts include a first channel band part and a
second channel band part with a predetermined interval ther-
ebetween.

14. The transmitting apparatus of claim 12, wherein the
dividing includes performing DFT in consideration of a first
size of a first subchannel corresponding to a first channel band
part of the at least two channel band parts, and performing
DFT in consideration of a second size of a second subchannel
corresponding to a second channel band part of the at least
two channel band parts.

15. The transmitting method of claim 12, wherein the at
least two channel band parts include a first channel band part
and a second channel band part, and the size of the subchan-
nels in the first channel band part and the size of the subchan-
nels in the second channel band part are different from each
other.

16. The transmitting method of claim 15, further compris-
ing dividing the data symbol by the number of subchannels.

17. A transmitting apparatus 15, comprising:

at least one processor;

a memory, and

a radio frequency (RF) unit,

wherein the at least one processor is configured to perform

at least one step by executing at least one program stored
in the memory,

wherein the at least one includes:

determining a structure of subchannels in a channel band-

width in which signals are transmitted by the transmit-
ting apparatus, wherein the structure comprises a num-
ber of subchannels and a size of each of the subchannels,
and wherein the structure is determined based on a size
of entire channel band; and

spreading a data symbol by performing discrete Fourier

transform (DFT) on the data symbol based on the struc-
ture of the subchannels.

18. The transmitting apparatus of claim 17, wherein the
determining includes dividing the entire channel band into at
least two channel band parts, determining the size the sub-
channels corresponding to the at least two channel band parts
respectively, and determining the number of the subchannels
by dividing the size of the at least two channel band parts by
size of each of the subchannels.

19. The transmitting apparatus of claim 18, wherein the at
least two channel band parts include a first channel band part
and a second channel band part with a predetermined interval
therebetween.

20. The transmitting apparatus of claim 18, wherein the
dividing includes performing DFT in consideration of a first
size of a first subchannel corresponding to a first channel band
part of the at least two channel band parts, and performing
DFT in consideration of a second size of a second subchannel
corresponding to a second channel band part of the at least
two channel band parts.
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